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The TAF subunits of TFIID mediate activation of
subsets of the eukaryotic genome. Recent results
demonstrate that TFIID is recruited to promoters in
an activator-specific manner involving functional
interaction between upstream regulatory elements
and the core promoter, thereby coordinating the
expression of distinct sets of genes.
Four decades ago, Jacob and Monod laid the ground-
work for understanding how gene expression is regu-
lated [1]. From genetic data alone, they proposed that
trans-acting regulatory proteins bind specific cis-
acting DNA sequences to either repress or activate
expression of the adjacent protein-encoding genes.
This theory survives intact, embellished but unblem-
ished by the intervening years of investigation. We
now know that transcriptional activators function
primarily by recruiting RNA polymerases to the core
promoter [2]. In eukaryotes, however, the way the
genomic DNA is packaged into chromatin — generally
repressive to transcription — and the complex cofac-
tor requirements for activation and repression provide
novel aspects to the regulatory networks underlying
control of gene expression.
Eukaryotic RNA polymerase II assembles into a tran-
scription complex at the core promoter with the help of
general transcription factors (GTFs) that include TFIIB,
TFIIE, TFIIF, TFIIH and the TATA-binding protein (TBP)
(reviewed in [3]). TBP and a dozen or so TBP-associ-
ated factors (TAFs) comprise the TFIID complex. Early
studies of RNA polymerase II transcription revealed
that TBP is sufficient for basal transcription in vitro, but
that TFIID is required for the response to activators
(reviewed in [4]). Thus, TAFs appeared to be conduits
for the flow of genetic information between activators
and the core transcriptional machinery. Consistent with
this idea, many activators directly bind TAFs, but
whether activators function by recruiting TFIID to the
core promoter remained an open question.
Two caveats to the premise that TAFs are essential
cofactors for transcriptional activation soon became
apparent. First, activation in a yeast in vitro transcrip-
tion system was found to require a ‘mediator’ complex,
reminiscent of the TFIID requirement for activation in
metazoan transcription systems, although the media-
tor is distinct from TFIID and does not include TAFs
[5]. Second, even though TAFs are essential for yeast
cell viability, they are dispensable for the activation of
specific genes in vivo [6,7]. This result was confirmed
by whole-genome microarray analyses, which showed
that individual TAFs are required for the expression of
only a subset of genes [8]. Furthermore, TAF-depen-
dent promoters exhibit differential TAF dependence,
with some TAFs being required for activation while
others are dispensable. TAFs clearly play an important
role in transcription, but their role is not universal and
remains undefined.
What determines whether a given promoter is TAF-
dependent and what does this tell us about activation?
A fundamental issue is whether TAF-dependence is
specified by core promoter elements or upstream reg-
ulatory sequences. Several lines of evidence point to
the core promoter (reviewed in [9]). For example,
human and Drosophila TAF subunits of TFIID have
been identified as sequence-specific DNA binding
proteins that recognize either the initiator or down-
stream promoter element (DPE), both of which are
found primarily at TATA-less promoters (reviewed in
[10]). Equally compelling is the finding that the TAF
dependence of specific yeast genes maps to the core
promoter [11]. Accordingly, at least some TAF sub-
units of TFIID appear to function as core promoter
recognition factors.
Chromatin immunoprecipitation experiments showed
that transcriptional activity in yeast correlates with
promoter occupancy by RNA polymerase II and the
GTFs. Does the differential TAF-dependence of spe-
cific promoters also correlate with promoter occu-
pancy by TAFs? Recent work from the Struhl [12] and
Green [13] laboratories has shown that this is indeed
the case. TAF-dependent transcription was found to
correlate with promoter occupancy by TAFs at levels
comparable to TBP, whereas a much lower TAF:TBP
ratio is observed at TAF-independent promoters.
Thus, TAF-independent and TAF-dependent transcrip-
tion define two classes of promoters, one where TBP
is recruited independently of TAFs, and the other
where TAFs are recruited with TBP, presumably as the
TFIID complex.
As recently published in Current Biology, Green and
colleagues [14] have further investigated the issue of
promoter-dependence in yeast by constructing chimeric
promoters from the upstream activation sequences
(UASs) and core regions of TAF-dependent (TAFdep) or
TAF-independent (TAFind) promoters. They found that
TAF binding to a chimeric TAFdep UAS/TAFind core is
comparable to TAF binding to TAFdep promoters,
showing equal levels of TAF and TBP association. Con-
versely, TAF binding to a TAFind UAS/TAFdep core pro-
moter is much weaker than that of TBP and similar to
what is observed at a TAFind promoter. Furthermore, the
TAFdep UAS/TAFind core promoter is transcribed effi-
ciently, in contrast to a poorly transcribed TAFind
UAS/TAFdep core promoter. Efficient transcription from
a TAFind UAS/TAFdep core promoter is, however,
restored by a strong TAFind Gal4 activator. Although the
UAS is responsible for TAF recruitment, it appears that
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transcription from a TAFdep promoter requires both the
UAS and core promoter elements (Figure 1).
A comparable study by Struhl and colleagues [15]
led to similar conclusions. They found that TAFs are
tightly associated with most ribosomal protein genes,
and that the Rap1 activator is sufficient to recruit TAFs
to both TAFdep and TAFind core promoters. Rap1-
mediated TAF recruitment is independent of other
GTFs, including TBP, providing a compelling case for
activator-specific recruitment of TFIID mediated by
direct Rap1–TAF interactions. Interestingly, the pro-
moters of most ribosomal protein genes lack a canon-
ical TATA element, suggesting that TAFs are prefer-
ably required for activation of TATA-less promoters, a
premise supported by other results, including sup-
pression of the TAF-dependence of TUB2 activation
by a canonical TATA sequent generated in the TUB2
promoter [16]. The observation that Rap1 mediates
TAF-dependent activation of ribosomal protein genes
led to the proposal that TFIID might play a key regula-
tory role in the coordinate expression of the ribosomal
protein gene regulon [15].
Although initially identified as a cofactor required
for transcriptional activation in vitro, TFIID is now
known to play a more limited role in the response to
activators in vivo. Nonetheless, the results highlighted
here underscore the critical role of TFIID in activation,
albeit in a gene-specific manner. The discovery that
activator-mediated TFIID recruitment involves func-
tional interaction between the activator and core pro-
moter could account for the seemingly contradictory
results where TAF-dependence maps to both the
upstream regulatory region and to the core promoter.
Accordingly, the TAF subunits of TFIID would include
direct targets of gene-specific activators as well as
core promoter recognition factors that interact to
stimulate transcription.
What is the relationship between TFIID and the
mediator complex and what are their relative contri-
butions to transcriptional activation? Like TFIID, the
mediator is conserved among eukaryotic organisms
and facilitates activation by a range of transcription
factors (reviewed in [17,18]). The initial description of
yeast mediator showed that it stimulates both activa-
tor-dependent and activator-independent (basal) tran-
scription [5]. Two recent studies [19,20] have now
shown that human mediator also plays a substantial
role in stimulation of basal transcription. Furthermore,
TFIID and the mediator are not redundant cofactors,
but can function synergistically to promote transcrip-
tion. Thus, the debate over whether TFIID is a tran-
scriptional coactivator or core promoter specificity
factor, and whether TFIID or mediator is the more uni-
versal cofactor, seems irrelevant. Both complexes
promote activator-dependent and activator-indepen-
dent transcription. The task ahead is to define the
roles of specific subunits and how these cofactors
affect transcription.
References
1. Jacob, F. and Monod, J. (1961). Genetic regulatory mechanisms in
the synthesis of proteins. J. Mol. Biol. 3, 318–356.
2. Ptashne, M. and Gann, A. (1997). Transcriptional activation by
recruitment. Nature 386, 569–577.
3. Woychik, N.A. and Hampsey, M. (2002). The RNA polymerase II
machinery: structure illuminates function. Cell 108, 453–463.
4. Naar, A.M., Lemon, B.D. and Tjian, R. (2001). Transcriptional coac-
tivator complexes. Annu. Rev. Biochem. 70, 475–501.
5. Kim, Y.-J., Bjorklund, S., Li, Y., Sayre, M.H. and Kornberg, R.D.
(1994). A multiprotein mediator of transcriptional activation and its
interaction with the C-terminal repeat domain of RNA polymerase
II. Cell 77, 599–608.
6. Moqtaderi, Z., Bai, Y., Poon, D., Weil, P.A. and Struhl, K. (1996).
TBP-associated factors are not generally required for transcrip-
tional activation in yeast. Nature 383, 188–191.
7. Walker, S.S., Reese, J.C., Apone, L.M. and Green, M.R. (1996). Tran-
scription activation in cells lacking TAF(II)s. Nature 383, 185–188.
8. Lee, T.I., Causton, H.C., Holstege, F.C., Shen, W.C., Hannett, N.,
Jennings, E.G., Winston, F., Green, M.R. and Young, R.A. (2000).
Redundant roles for the TFIID and SAGA complexes in global tran-
scription. Nature 405, 701–704.
9. Green, M.R. (2000). TBP-associated factors (TAFIIs): multiple, selec-
tive transcriptional mediators in common complexes. Trends
Biochem. Sci. 25, 59–63.
10. Smale, S.T. (2001). Core promoters: active contributors to combi-
natorial gene regulation. Genes Dev. 15, 2503-2508.
11. Shen, W.-C., Walker, S.S. and Green, M.R. (1997). Yeast TAFII145
functions as a core promoter-selectivity factor, not a general co-
activator. Cell 90, 615–624.
12. Kuras, L., Kosa, P., Mencia, M. and Struhl, K. (2000). TAF-Contain-
ing and TAF-independent forms of transcriptionally active TBP in
vivo. Science 288, 1244–1248.
13. Li, X.Y., Bhaumik, S.R. and Green, M.R. (2000). Distinct classes of
yeast promoters revealed by differential TAF recruitment. Science
288, 1242–1244.
14. Li, X.-Y., Bhaumik, S.R., Zhu, X., Li, L., Shen, W.-C., Dixit, B. and
Green, M.R. (2002). Selective recruitment of TAFs by yeast
upstream activating sequences: implications for eukaryotic pro-
moter structure. Curr. Biol. 12, 1240–1244.
Current Biology
R621
Figure 1.
Models for transcriptional activation involving TFIID and the
mediator complex. The upper panel depicts activator-medi-
ated recruitment of the RNA polymerase II machinery to the
core promoter by a process facilitated by the mediator
complex. Transcription is dependent upon TBP binding to the
TATA element of the core promoter, but independent of the
TAF subunits of TFIID. The lower panel depicts activator-medi-
ated recruitment of RNA polymerase II in a TFIID-dependent
manner. TFIID-dependent activators typically lack a canonical
TATA element, but often include an initiator region (Inr) and/or
downstream promoter element (DPE) as TAF binding sites.
Recent results describe cooperative interaction between
upstream activation sequences (UAS) and the core promoter
of TFIID-dependent promoters [14,15]. TFIID-dependent pro-
moters are not necessarily independent of the mediator, but
can involve synergy between TFIID and the mediator to stimu-
late transcription [19].
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